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ABSTRACT
AN EVALUATION OF SUPPLEMENTAL FOOD AND COVER TO INCREASE
WINTER SURVIVAL OF COTTONTAIL RABBITS
by
Toni Weidman
University ofNew Hampshire, December, 2010
The New England cottontail is currently endangered throughout much of its
range. The cause of this decline has been habitat loss that has facilitated intense
prédation. Cottontails living on small patches have high mortality rates due to lack of
quality cover and browse and high prédation pressure. The goal of this study was to
determine if provisioning supplemental food during the winter could increase cottontail
survival rates by reducing risky foraging behavior in poor habitat that exposes the rabbits
to predators. Among fed rabbits the survival rate (70%) was substantially greater than
the survival rate for unfed rabbits (32%). A population model was created in RAMAS
Metapop using these survival figures to determine an optimum feeding regime. When a
small number of patches were fed, a cluster approach worked best. When many patches




Throughout the northeastern United States, populations of species dependent on
early-successional habitats are declining (Litvaitis 1993). This includes a variety of
vertebrates and invertebrates that require thick vegetation for reproduction and foraging
(Litvaitis et al. 1999). New England cottontails (Sylvilagus transitionalis) exemplify
such declines. A recent survey revealed that populations ofNew England cottontails
(henceforth, NEC) have shrunk to five isolated populations occupying just 14% of their
historic range (Litvaitis et al. 2006).
The leading cause of the decline ofNEC and other species dependent on early-
successional habitats has been forest maturation and fragmentation of remaining habitats
(Litvaitis 1993, Litvaitis et al. 2006). In the late nineteenth century, much of the
farmland in New England was abandoned as farmers moved west (Litvaitis 1993,
Litvaitis et al 1999). This resulted in a spike of early-successional habitat in the early
twentieth century as old fields became overgrown. However, those habitats have since
matured into second-growth forest or have been developed (Litvaitis 1993). Litvaitis and
Villafuerte (1996) estimate an annual decrease of early successional forests of 8%.
Clearly, management for early-successional habitats is essential to prevent further
declines of species dependent on them.
Litvaitis et al. (2006) determined that remaining populations ofNEC essentially
comprise an "induced metapopulation", small patches of habitat fragmented by mature
forest and development. Metapopulations may be divided into source patches that have
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birth rates greater than death rates, and sink patches that have higher death than birth rates
(Pulliam 1988). Hanski and Simberloff (1997) further defined a "sink" as a patch that
would become locally extinct without immigration. Typically, metapopulations persist
when sources become crowded and individuals disperse to sinks (Pulliam 1988, Hanski
and Simberloff 1997). In New Hampshire, nearly all known occupied patches may be
considered sink patches during severe winters (Litvaitis, University of New Hampshire,
personal communication), and are characterized by low survival (Barbour and Litvaitis
1993) due to lack of adequate winter food and an abundance of generalist predators
(Barbour and Litvaitis 1993, Brown and Litvaitis 1995, Oehler and Litvaitis 1996,
Villafuerte and Litvaitis 1997).
The lack of food and poorer cover on small patches forces rabbits to forage in
areas that expose them to predators (Barbour and Litvaitis 1993). Conversely, on large
patches there is usually sufficient food in dense cover to allow rabbits to remain hidden
while still meeting their nutritional requirements. Additionally, larger patches have a
lower edge:interior ratio and experience less edge effect that promotes prédation
(Barbour and Litvaitis 1993). Because mortality is higher than the birth rate on these sink
patches, they are not contributing to the long-term viability ofNEC. Without large
source habitats to replenish sinks, these small isolated populations will soon be
extirpated.
In response to this dire forecast, substantial actions are being taken to restore
early-successional habitats. The US Fish and Wildlife Service, New Hampshire Fish and
Game Department, Maine Department of Inland Fisheries and Wildlife, Wells National
Estuarine Research Reserve, National Fish and Wildlife Foundation, Environmental
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Defense Fund, Natural Resource Conservation Service, as well as local nonprofit land
trusts and private landowners are initiating programs to increase the abundance of early-
successional habitat. However, these measures will take up to 10 years to produce
suitable habitat. In that time, it is very possible that NEC may become extinct in New
Hampshire and Maine (Litvaitis, personal communication). For example, a survey of the
known range ofNEC in New Hampshire in the winter of 2009 revealed only 7 occupied
sites that likely supported a pre-breeding population of 10-15 rabbits (Litvaitis, personal
communication). This is considerably less than the 52 rabbits monitored across 40
occupied sites by Barbour and Litvaitis in 1993 for a study that did not aim to identify all
occupied sites. To sustain these remnant populations ofNEC until new habitat becomes
available, interim management actions are necessary to avoid extirpation of NEC.
Supplemental food to modify microhabitat use and improve survival
Many studies have shown that northern populations of herbivores may suffer
highest mortality rates in the winter due to lack of quality food (e.g., Tarr and Pekins
2002) and increased prédation rates (e.g., Boland and Litvaitis 2008), and NEC are no
exception (Barbour and Litvaitis 1993, Litvaitis 1993). Prédation risk among lagomorphs
in northern regions increases dramatically in the winter as available browse in heavy
cover is rapidly depleted, forcing rabbits and hares into the open to forage (e.g., Barbour
and Litvaitis1993, Krebs et al. 1995, Hodges and Sinclair 2003). Exposure while
foraging away from cover makes the rabbits susceptible to prédation (Barbour and
Litvaitis 1993), leaving them with a difficult choice: forage in the open for better food
and risk prédation, or stay in cover and risk starvation. Using captive rabbits, Smith and
Litvaitis (2000) found that NEC tend to select the latter of these choices. This implies
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that rabbits that do manage to avoid prédation during the winter enter the breeding season
in poor condition due to lack of quality food. Banks and Powell (2004) found that such
was the case for house mice (Mus domesticus).
Many studies have been conducted on the effects of supplemental food on winter
mortality (e.g., Lewis et al. 1998, Huito et al. 2003, Robb et al. 2008). Most of these
concluded that animals, especially mammals, have greater winter survival rates with the
addition of supplemental food (Boutin 1990). In addition to enhanced survival, mammals
have been shown to enter the breeding season in better condition, and to breed earlier and
more often after receiving a supplemental diet over the winter (Wallage-Drees and
Michielsen 1989, Boutin 1990, Warrick et al. 1999) even when supplemental feeding is
stopped at the start of the breeding season (e.g., Wallage-Drees and Michielsen 1989,
Warrick et al. 1999). For these reasons, remaining populations ofNEC may benefit
greatly from the addition of a high quality diet within dense cover by both decreasing
winter mortality and potentially increasing reproduction.
Need for surrogate species
To obtain a sufficient sample and avoid possible negative effects of the study on
already imperiled NEC (such as trap mortality) eastern cottontails (Sylvilagusfloridanus)
will be used as a surrogate species for this study. Eastern cottontails (henceforth, EC)
were introduced into New Hampshire as a game species and are thriving in the southern
portions of the State (Foster et al. 2002). Their range overlaps a portion of the present
range of NEC, but the two species rarely occupy the same patch (Probert and Litvaitis
1996). NEC and EC have very similar morphology, with NEC being slightly smaller.
Both rabbits have similar diets (Dalke and Sime 1941) and both are preyed upon by the
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same predators, especially red foxes (Vulpes vulpes) and coyotes (Canis latrans) (Brown
and Litvaitis 1995). These similarities make EC an ideal surrogate for NEC. However,
EC does differ from NEC in its habitat requirements in that it does not require such dense
vegetation as is necessary for NEC. EC have been observed to range far from cover to
forage, whereas NEC will not (Smith and Litvaitis 2000). As a result of this difference
Smith and Litvaitis (2000) estimated that NEC could only utilize 32% of available habitat
without increasing their prédation risk. EC, on the other hand, utilized 99% of available
habitat. For this reason, the use of EC as a surrogate species has a drawback in that EC
may not be as limited in the availability of winter forage as NEC.
Hypotheses and Objectives
The goal of this study was to determine the effectiveness of providing
supplemental food for reducing winter mortality. I hypothesized that EC provided with
supplemental food will utilize a better microhabitat and thus have higher winter survival
and possibly enter the breeding season earlier.
The objectives of my study were:
1 . Determine the effects of supplemental food on winter survival of EC.
2. Using computer simulations, explore how altered survival rates among fed vs.






Patches of EC-occupied habitats were located in the towns of Stratham,
Greenland, Portsmouth, and Newington, New Hampshire (Fig. 1). This region is close to
the seacoast and has a slightly warmer climate than other parts of the State. Habitat
patches consisted of powerline corridors, emergent wetlands, old fields, and idle land
surrounding developed areas and roads. Patch size plays an important role in the
dynamics of a subpopulation of NEC (Brown and Litvaitis 1995). Barbour and Litvaitis
(1993) determined that individuals on sites <3 ha had lower survival rates and poorer
body condition than individuals on larger sites. To mimic the demographics of NEC on
sink patches, selected patches were small (<3 ha). Potential sites were identified by
drive-by evaluations. Open fields, mature forest, highways or development were
considered edges. Potential patches were visited after leaf-off and surveyed for rabbit
signs such as clipped twigs, pellets, and tracks in snow. Once patches were selected they
were randomly assigned to receive food (henceforth, fed patches) or to receive no food
(henceforth, unfed patches).
Capture, monitoring, supplemental food
Homemade live traps were used to capture rabbits. These traps had a wooden
door that allowed non-target species, such as raccoons (Procyon lotor), to escape.




















Figure 1. Location of cottontail study sites in southeastern New Hampshire. Fed sites
(circle) and unfed sites (triangle) were situated in the towns of Stratham, Greenland,
Newington, and Portsmouth.
Traps were baited with apple slices and alfalfa. One rabbit was collared per
patch. When a study rabbit died, I attempted to replace it with another rabbit on the same
patch to maintain sample size (Murray et al. 1997). Once caught, individual rabbits were
weighed, sexed, the right ear measured, and equipped with a unique ear tag. Rabbits
>750 grams were equipped with a radiocollar with mortality sensor (Boland and Litvaitis
2008). All patches received a feeder. Feeders were constructed with 7 or 8 gauge
stovepipe nailed to a rough-hewn 30.5 ? 20.3 cm board and spray painted brown and
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black. Stem density at the feeder varied by patch from very thick (>10 stems/m2) to quite
sparse (<2.5 stems/m2), however, feeders were consistently located in the densest natural






Figure 2. A stocked feeder in dense natural cover with evidence of cottontail activity
(fecal pellets).
On fed patches, feeders were supplied with about 830 mL of commercial rabbit chow
(Blue Seal Bunny 16, 16% crude protein) provided twice weekly at 3-4 day intervals
from December until March. Smith (1997) determined that a single rabbit would
consume up to 160 mL of commercial chow a day, so the food supplied more than met
the requirements for one rabbit. Supplemental feeding began on 30 December 2009 and
continued until 25 March 2010. Feeding continued on a patch even if a radiocollared
rabbit was killed, to benefit other rabbits on the patch that may have been added to the
study. After supplemental feeding stopped, I attempted to recapture surviving rabbits
from 26 March 2010 to 10 May 2010. Recaptured rabbits were weighed, checked for
signs of breeding activity (e.g., descended testes), and the collars were removed.
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Newey et al. (2010) showed the importance of ascertaining that supplemental
food was reaching the target species. To address this, I placed motion-sensing infrared
cameras (Cuddeback Capture) at 4 of the most active feeders in a casual survey of feeder
activity. Cameras were left for 3-4 nights between feedings.
Estimating Survival and Simulating its Effects
After an acclimation period of one week, transmitter signals were checked twice
weekly through the winter. Rabbits that died during the acclimation period were not
included in the study. Individuals whose fate was unknown (e.g., transmitter failure,
dispersal beyond study area, or killed and carried away) were right-censored from the
study (Pollock et al. 1989). When a mortality signal was detected, I located the collar
and determined cause of death. Date of death was recorded as the mid-point between the
last active signal and detection of the mortality signal (Heisey and Fuller 1985). Survival
estimates were based on a staggered-entry Kaplan-Meier survival rate (Pollock et al.
1989) estimated using the program MICROMORT (Heisey and Fuller 1985). These
estimates were based on "radio days", that is, the number of collared rabbits alive or dead
during a given day. Winter survival rates were calculated from 16 December 2009 to 25
March 2010 (100 days). This method of calculating survival is more appropriate than a
basic survival rate (i.e., proportion surviving from the total) for two reasons (Heisey and
Fuller 1985). First, when not all animals are entered in the study on the same day,
animals that died early are no longer available for sampling. Second, if survival
probabilities are not constant during the study (e.g., risk of prédation may increase after a
snowfall), days with the highest sample size are more influential. For example, if a
snowfall occurred at a time when there were 12 rabbits in the study and a few were
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predated as a result, these deaths would be more influential in the results than if the same
thing happened when there were only 6 rabbits in the study. A Z-test was used to
examine differences in survival probabilities between rabbits on fed and unfed patches.
To illustrate the effect that vital rates have on a population's persistence, I
modeled a hypothetical population using a Leslie matrix approach in program RAMAS
Ecolab (Akcakaya et al. 1999). I used the ceiling density-dependence function, which
means the population will grow or shrink depending on the values in the Leslie matrix
but it cannot exceed the carrying capacity. The starting population was 4 and the
carrying capacity was 60. Survival rates from the study and published fecundity
estimates (Chapmand and Litvaitis 2003) were used to simulate the population's
performance with and without supplemental food over a 10-year simulation.
Management Alternatives
To investigate the effects of supplemental feeding on the viability of cottontail
metapopulations, I used RAMAS Metapop (Akcakaya 2005) to evaluate various
management options. This program uses a Leslie matrix with patch-specific survival and
fecundities and dispersal rates to predict future metapopulation performance.
Management alternatives were examined using a hypothetical metapopulation consisting
of 30 sink patches. Each patch contained 0-5 rabbits (carrying capacity = 1-5). I also
used the ceiling density-dependence function in this model. The dispersal function was
obtained from Litvaitis and Villafuerte (1996) and assumed that 20% of individuals will
disperse and the maximum dispersal distance is 1 km. Using survival and fecundity data
from the study, I compared the impact of supplemental feeding on metapopulation
viability over 10 years. Simulations had no demographic or environmental stochasticity.
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Simulations consisted of several scenarios. The first scenario was the control, in which
no patches received supplemental food (i.e., vital rates for unfed rabbits were used in the
Leslie matrix). In the second scenario, all patches received supplemental food. I then
tested 3 feeding regimes while supplying food to 5, 10, or 15 patches. The feeding
regimes consisted of feeding patches on the periphery of the metapopulation (outside),





Capture. Monitoring, and Supplemental Food
Trapping began on 16 November 2009 and continued until 3 March 2010.
Twenty-eight rabbits were entered in the study (12 male, 14 female, and 1 undetermined)
among 23 patches (Appendices A and B). Mean weight of females (1 166.4g) and males
(1280.8g) was not different (t=l .06, df=l, P=0.3) so rabbits were pooled by treatment.
Of the 28 rabbits, 9 were predated, 1 drowned in a well, 4 were censored, and 14
survived.
Of the 23 patches studied, 4 were mowed during the winter or spring (2 fed and 2
unfed patches) and 1 (fed) was partially flooded by beaver activity that caused loss of
habitat on these sites. On 2 of the mowed sites, the marked rabbit had been killed prior to
mowing, so no effort was made to replace them. On a mowed fed patch, only a portion
was mowed and the rabbit remained until spring when it dispersed. On a mowed, unfed,
patch the rabbit dispersed to an adjacent fed patch. In survival analyses, I censored this
rabbit from the unfed population and added it to the fed population, treating it as a new
individual.
Images obtained from the remote cameras showed that both tagged and untagged
rabbits used the feeders (though no estimate of the degree of use was possible) as well as
raccoons, rodents, and birds (Fig. 3). Out of 91 images taken, only 1 was a predator. The





Figure 3. Remote infrared
photos of tagged (A) and
untagged (B) cottontails at
feeder, and one coyote (C), the
only predator photographed.
C
Estimate Survival and Modeling its Effects
There were a total of 12 rabbits on unfed patches and 16 rabbits on fed patches
(Fig. 4). Among unfed rabbits, 5 (42%) were predated, 1 (8%) drowned in a well, 2
(17%) were censored, and 4 (33%) survived the study. The drowned rabbit was not
included in survival analyses because I was most interested in deaths from prédation.
Among fed rabbits, 4 (25%) were predated, 2 (13%) were censored, and 10 (63%)
survived the study (Fig 4). Winter survival rates were higher for fed (.70) than for unfed
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Figure 4. Fates of cottontail rabbits with and without supplemental food during winter













Fed Survival rate= 0.70
Unfed Survival rate=0.32
1 11 21 31 41 51 61 71 81 91
Days
Figure 5. Cumulative daily survival rates of cottontail rabbits with and without
supplemental food during winter 2009-2010 in southeastern New Hampshire.
I did not measure the amount of food consumed from feeders because it was not
possible to determine how much food was consumed by rabbits, raccoons, or rodents.
However, of the 13 fed patches, I observed that feeding activity at 4 (31%) appeared to be
low, likely because the rabbit either died before discovering the supplemental food or
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never discovered it. However, in all analyses I considered a rabbit with access to
supplemental food to be a fed rabbit, because in practice it is likely that not all animals
with access to supplemental food will eat it (Newey et al. 2010). The remaining 9 feeders
generally showed evidence of high use by cottontails.
I used the winter survival rates for the fed and unfed rabbits (Table 1) with a
survival rate of 0.8 for the rest of the year to calculate survival and fecundity rates for the
two treatments (Boland 2007). Fecundity for juveniles was 0 and was constant for all
adults (Table 1). Survival rates for juveniles and adults were the same. Fecundity values
are calculated by multiplying the fertility (female offspring per adult female) by the
survival (Akcakaya et al. 2005). Fertility estimates are from Chapman and Litvaitis
(2003). Also, the vital rates for the fed patches are similar those for NEC on source
patches (Litvaitis and Villafuerte 1996).
Table 1. Vital rates used in the Leslie matrix to simulate effects of supplemental feeding
on theoretical cottontail population.
Treatment Survival Fecundity
Fed 0.56 4.20Unfed 2 ^95
The addition of supplemental food has the potential to make a major impact on a
cottontail population. The unfed scenario predicts a population decline, whereas the fed






Figure 6. Population trajectory summaries for hypothetical fed and unfed cottontail
populations using simulative program.
Management Alternatives
In practice it would be impractical to supply supplemental food to every occupied
patch, so it is necessary to determine an optimum feeding regime. To explore the
potential feeding regimes, I first compared the results of the metapopulation simulations
(based on 30 subpopulations) when supplemental food was supplied to either all or none
of the populations. When all rabbits received no food, the population declined to about
48. However, when all rabbits received supplemental food the population grew from 58




Figure 7. Population trajectories for theoretical cottontail metapopulations with and
without supplemental food.
Next, I created several additional models to simulate a number ofmanagement
options. The scenarios simulated feeding 5, 10, and 15 patches out of 30 using the 3
different feeding regimes (outside, random, and cluster) (Fig. 8). The simulations assume
no stochasticity, a 20% dispersal rate, and a ceiling-type density-dependence with a
carrying capacity of 72. The patches that were fed and unfed for each simulation can be
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1 5 fed patches
a 60
Figure 8. Population trajectories for theoretical cottontail metapopulations using
experimental feeding regimes. Trials tested 3 regimes: cluster (diamond), outside
(square), and random (circle) receiving food in varying numbers of patches. For each
trial, 5, 10, or 15 patches out of 30 received supplemental food.
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When only 5 patches receive food, the outside scenario performs rather poorly
and cluster performed the best, fluctuating between 50 and 55. When the number of fed
patches is increased to 10, the outside scenario's performance remains low compared to
the other approaches. The random scenario performed the best, stabilizing near 60. When
15 patches (half the metapopulation) received food, there is no notable difference
between treatments. These results show that if a small proportion of the metapopulation




The intent of the supplemental feeding experiment was to improve survival by
altering cottontail behavior. My hypothesis was that EC provided with supplemental
food would spend more time near cover and thus less time vulnerable to prédation. To
test this, the presence of fecal pellets would be used to determine microhabitat occupation
during the winter (Barbour and Litvaitis 1993). Habitat selection, based on presence of
fecal pellets, would be based on the proportions of habitat available versus the
proportions used (Thomas and Taylor 1990). Unfortunately, too few fecal pellets were
counted in the spring to allow a statistical analysis of habitat selection. However, given
the improved survival rates of supplemented cottontails it would be a reasonable
inference that rabbits supplied with supplemental food engaged in less risky behavior
during the winter.
Survival and Persistence
As expected, survival rates for cottontails receiving supplemental food during
winter months was higher than for cottontails not receiving food. The winter survival
rates of unfed cottontails are similar to published survival figures for EC (Trent and
Rongstad 1974, Boland and Litvaitis 2008) but are slightly lower because the rabbits in
this study lived on small fragmented patches that were likely ofpoor quality. The
addition of supplemental food apparently increased the carrying capacity of a patch
(Krebs et al. 1986). Although the remotely-triggered cameras revealed that the
supplemental food was reaching its intended recipients, not all feeders provided were
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utilized. Four of the 13 feeders showed little or no sign of activity. On most of these
sites, the area which I deemed to have the best cover and therefore placed the feeder
turned out to be far from where the rabbit was usually located. As a result, I suspect that
these rabbits never discovered the supply of food. On 1 of these sites I moved the feeder
to another location and then found evidence of activity (fecal pellets). On 2 more sites I
added an additional feeder and 1 of those attracted a rabbit. In a supplemental feeding
study, Newey et al. (2010) detected improvements in survival and reproductive rates in
mountain hares (Lepus timidus) at individual but not population levels, however, only
50% of the hares in their study with access to the supplemental food were documented to
use it. Therefore, it is likely that if every individual with access to supplemental food had
used it, a difference at the population level would have been observed. In practice it will
be important to monitor feeders either by searching for signs of activity (i.e., tracks or
pellets) or with a remote infrared camera to make sure the food is being utilized.
Estimated winter survival rates in this study could be conservative for several
reasons. First, snowfall during the study period was below average with few days of
snow cover (Table 2), providing rather benign conditions for cottontails. In years of
persistent snow coverage, cottontails could benefit even more from the addition of
supplemental food because snow makes cottontails more visible to predators and also
limits access to woody browse (Trent and Rongstad 1974, Brown and Litvaitis 1995,
Boland 2008).
Second, this study was conducted on EC but is intended to eventually benefit
NEC. During winter, NEC are even more susceptible to prédation than EC because they
are more vulnerable to predators in the open (Smith and Litvaitis 2000). Because of this,
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differences in survival rates between supplemented and unsupplemented NEC could be
even more substantial than they were for EC. Finally, it is possible that the provision of
high quality food during the winter could lead to earlier and more successful breeding
attempts, thereby increasing fecundity (Desy and Batzl 1989, Wallage-Drees and
Michielsen 1989, Boutin 1990, Warrick et al. 1999).
Table 2. Average (1944-2008) snowfall and daily snow depth (inches) for Portsmouth,
NH and 2009-2010 snowfall and average daily snow depth for Epping, NH (the nearest
city for which data were available). Note: Epping is farther inland than Portsmouth, so
snowfall and snow depth are likely higher than those observed in Portsmouth. Averages
are from the New Hampshire State Climate Office and 2009-2010 data are from the
National Weather Service NOWData.
Snowfall Mean daily snow depth
Month Average 2009-2010 Average 2009-2010
Oct 0.1 0 0 0
Nov 2.5 0 0.2 0
Dec 15.8 15 2.3 3.2
Jan 19 20 7 6.4
Feb 16.4 15 7.4 2.8
Mar 12.7 0 4.4 0.1
Apr 2.3 0 0.2 0
Total 68.8 50
Management Alternatives
The results of the feeding simulations show that if a small fraction of the
metapopulation is to receive supplemental food, it is best to focus efforts on a cluster of
patches at the center of the metapopulation. It is likely that in this scenario the collection
of many small of artificial "source" patches acts as one large source patch and provides
surplus rabbits to stock surrounding patches. However, as the number of patches
receiving food increases we see less difference among the different approaches. When
half of the patches receive supplemental food the best strategy could be to feed patches
on the outside of the metapopulation. This forms a "source" ring around the other
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patches and provides surplus rabbits for the patches in the middle. Using the outside
approach could also produce rabbits for suitable unoccupied patches that lie outside the
known metapopulation, however, I did not analyze this scenario.
Arguments against supplemental food
Supplemental food as a management option is seldom used or recommended
(Boutin 1990, Adams and Covell 2001) because there are several arguments against the
use of supplemental food. The most common of these arguments is that the herbivore
activity around feeding sites attracts predators (Boutin 1990, Adams and Covell 2001,
Turner et al. 2008). However, while this is often a suspected consequence of
supplemental feeding, it is not supported by studies that addressed this concern (e.g.,
Warrick et al. 1999, Schoech et al. 2008). Although I did not conduct surveys for
predator activity, I did not observe unusually high numbers of tracks or scats around the
feeders, and the remotely-triggered cameras did not reveal extensive predator presence.
One rabbit was killed by a raptor a few feet from a feeder, but this feeder was poorly
located near an edge. In practice the location of the feeder will be extremely important so
as not to facilitate prédation.
Another argument against supplemental feeding is that feeding sites facilitate the
spread of disease (Adams and Covell 2001, Schoech et al. 2008). In their argument
against provisioning food for white-tailed deer (Odocoileus virginianus), Adams and
Covell (2001) say that the large congregations make it easy for communicable diseases
such as tuberculosis to spread. Unlike deer, rabbits are not social animals, so
congregation at feeders is unlikely. Of the 63 remote photos of rabbits I obtained, only 1
definitively showed >1 rabbit at a time. Additionally, supplemental food is intended for
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sink habitats that usually support few rabbits, so large-scale spread of disease would not
be a threat. If the spread of disease via contamination at the feeder remains a concern,
steps could be taken to sanitize the feeder between feedings.
A third argument against supplemental feeding is that the animals become
dependent on the food supplied (Adams and Covell 2001, Schoech et al. 2008) and alter
their behavior (Lewis and Rongstad 1998, Hodges and Sinclair 2005, Wirsing and
Murray 2007). In addition, the easy source of food can make animals weaker and tame to
humans (Adams and Covell 2001). The goal ofprovisioning food for NEC is to alter
microhabitat use and reduce risky behavior. Although I was not able to evaluate a change
in behavior, I infer from the survival data that behavior was modified in a positive way. I
do not believe that the method of feeding used acclimated the rabbits to humans because
the feeders were placed in areas already preferred by the rabbits and were visited for only
about a minute twice a week.
The final common argument against the provision of food as a management
strategy is that it artificially sustains populations at a level higher than the natural
environment can support (Krebs et al. 1986, Boutin 1990, Krebs et al. 1995). In the case
ofNEC, that is the short-term goal. Until large areas of suitable habitat become
available, the majority of occupied patches are too small and isolated to sustain a viable
population ofNEC (Litvaitis 1993, Litvaitis et al. 2006). Some form of active
management must be taken immediately to prevent further declines in the population.
Some studies have shown that supplemented populations suffer negative effects when
supplemental feeding stops (e.g., Lewis and Rongstad 1998). For example, in studies of
voles, Desy and Batzl (1990) and Huito et al. (2003) observed that artificially high
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densities resulted in increased dispersal which could lead to increased prédation.
Because rabbits in this study were recaptured in spring and the collar removed, it is
unknown if they suffered negative effects after the study. As of May, I knew 1 of the
surviving cottontails had dispersed from its winter patch, but this could have been due to
that patch being partly mowed during the winter.
In this study, supplemental feeding was stopped only when rabbits ceased to use it
because natural food had become available in March. For this reason, I do not believe
that the cessation of supplemental feeding in the spring had any negative effects on the
rabbits. As for increased dispersal, a goal of supplemental feeding is to increase
abundance on fed patches so that surplus individuals will disperse to other patches.
While some dispersing individuals will be predated, these numbers will likely be offset
by increased winter survival.
Future Work
There is much potential for continuing research with supplemental food. First, an
investigation into a reproductive response to supplemental feeding was beyond the scope
of this study but could have major implications for the efficacy of supplemental food.
When conducting the RAMAS simulations, I assumed that fed rabbits had the same
fertility rates as unfed rabbits, but if supplemental food allowed for more litters or
increased litter survival, the increased fecundity rate could mean even more profound
improvements in metapopulation viability. Future studies could monitor female rabbits
for reproductive timing and success.
Next, a more intensive investigation into the use of supplemental food is called
for. The purpose of the remotely-triggered cameras in this study was only to confirm
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rabbit presence at the feeders. Analyses of time spent at the feeders, number of
individuals using the feeders, amount of food consumed, abundance of non-target
species, etc. were not possible. The time spent feeding and amount of food consumed
could impact the likelihood ofprédation or predator activity at the feeder and the health
of the rabbit. Additionally, predator activity could be examined with scat or track
surveys or remotely-triggered cameras.
Another goal of this study was to compare the nutritional status of fed and unfed
cottontails by analyzing the urea nitrogen content ofurine left in snow (Villafuerte et al.
1997) and also by analyzing the fiber content of feces (Tarr and Pekins 2002). However,
the unusually low snowfall during the winter prohibited the acquisition of sufficient
snow-urine samples or fecal samples for which the deposition time was known.
Additionally, too few cottontails were recaptured early enough in the spring to allow a
statistical comparison of weights of fed and unfed cottontails. Future research could have
a stronger emphasis on differences in body condition and nutritional status of fed and
unfed rabbits.
Finally, a test of whether the supplemental food resulted in less vigorous or
dependent rabbits was not part of this study but could be incorporated into future studies
that continue to track rabbits after supplemental feeding has ended. I suspect that if
supplemental food is provided until sufficient green-up (i. e., the rabbits no longer eat the
supplemental food) that no negative effects from the lack of food or transitioning diet will
be observed. Future research could continue monitoring cottontails after feeding has
stopped to determine if rates of dispersal or prédation have been altered. Higher dispersal
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rates (and therefore some increased prédation) should be expected as populations increase
and small patches become crowded.
Conclusions
Thus far, management actions on behalf on NEC have been focused on the long-
term acquisition and management of habitats. While this is essential for the long-term
viability ofNEC, there has been too little emphasis on preserving remnant NEC
populations for the next decade as new habitats become available. Without immediate
action, it is likely that NEC will become extinct in New Hampshire and Maine before
these newly acquired habitats are suitable, negating all management efforts to this point.
The success ofusing supplemental food to improve winter survival rates means
that supplemental feeding is a viable short-term management option for NEC. It is a
measure that could be taken immediately to maintain and possibly increase remnant
populations ofNEC. Supplemental feeding has the potential to stabilize remaining NEC
populations, and, combined with other management actions such as translocations and
establishment of dispersal corridors, even establish new populations.
I encourage managers not to hesitate simply because supplemental food is an
"artificial" practice, or out of fears of increasing prédation. This study did not find any
negative effects of supplemental food, but there are many aspects of supplemental
feeding that could be investigated further. Future supplemental feeding studies should
focus on ensuring that the food is reaching its intended target, monitoring predator
activity near the feeder, testing for shifts in microhabitat use, body condition, and
reproductive output, and examining cottontail response to the withdrawal of supplemental
food in the spring. Supplemental feeding programs should be based on the dynamics of
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the metapopulation to be supplemented, and should only be undertaken if there are
nearby suitable patches to accommodate surplus cottontails or if translocations to new
areas are possible. I believe that if supplemental feeding programs are applied
immediately and wisely, there would be a reliable source ofNEC to stock new habitats
when they are ready in a few years. In addition, new metapopulations could be
established elsewhere, but land use practices in the future will determine whether they
remain viable without supplemental feeding or other management actions.
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Dark areas show duration for which rabbits were included in the study. C indicates an




CHART OF FED AND UNFED PATCHES IN FEEDING SIMULATIONS
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